Abstract Human papillomavirus (HPV)-related oropharyngeal squamous cell carcinoma (SCC) is associated with favorable patient survival. Tumor HPV status at primary diagnosis is critical for proper management, and p16 immunohistochemistry (IHC) has emerged as a reliable, single, surrogate marker. It is not known, however, if small biopsy specimens are completely adequate for p16 evaluation. From a database of oropharyngeal SCC for which p16 IHC and histologic typing were already performed, all patients (32) who had available in-house primary tumor biopsy specimens and also subsequent surgical resections were analyzed. p16 IHC was performed along with histologic typing into: Type 1 keratinizing SCC, Type 2 nonkeratinizing SCC with maturation, and Type 3 nonkeratinizing SCC. Staining was graded on both biopsies and resections as follows: 0 = negative; 1? = 1-25% of tumor cells positive; 2? = 26-50%; 3? = 51-75%; 4? = 76-100%. Strictly considering p16 score, perfect biopsy-resection correlation was present in 28 of 32 cases (85%), including 6/9 (67%) Type 1, 6/7 (86%) Type 2, and 16/16 (100%) Type 3 cases. Considering p16 expression binarily as 51% tumor cell staining or more (3? or 4?) being positive and lesser amounts (0, 1?, or 2?) as being negative, there was perfect biopsy-resection correlation for all 32 cases. With p16 expression in resection specimens considered the gold standard, p16 IHC in biopsies was both 100% sensitive and specific. Our results demonstrate that p16 staining in diagnostic biopsies reliably reflects whole tumor staining results, and suggest that biopsies do not suffer from false negatives or positives.
Introduction
Squamous cell carcinoma (SCC) of the head and neck was once considered a uniform group of tumors. The major risk factors are alcohol consumption and tobacco use, which also have synergistic effects [1] . However, over the last few decades, epidemiology, molecular biology, and outcome studies have shown that human papillomavirus (HPV)-related SCCs of the oropharynx are a distinct group of tumors clinically, morphologically, and biologically [2] .
HPV-related oropharyngeal SCC arises from the base of the tongue and palatine tonsils [3] [4] [5] where lymphoid tissue is present and associated with crypt epithelium. HPV infection, particularly high-risk HPV type 16, is an important causal agent in these cancers [2, [6] [7] [8] [9] . The major risk factors, as opposed to heavy tobacco and alcohol use, are sex-related, including high lifetime numbers of vaginal-sex partners and/ or oral-sex partners [7, 10] . Although smoking rates have been declining in recent years as well as the rates of typical head and neck SCC, HPV-related oropharyngeal SCC rates are going up. Some have even termed this an epidemic [11, 12] . Smoking rates in HPV-related oropharyngeal SCC patients are lower, but still the majority are former or current smokers, making tobacco exposure a significant co-factor [9] . HPV-related SCC predominantly affects male patients who are 5-10 years younger than patients with typical head and neck SCC [13] . Importantly, although it tends to present at high stage due to high rates of nodal metastasis at presentation, HPV-related SCC is associated with much better survival [5, [14] [15] [16] [17] [18] . Simply put, tumor HPV status has emerged as a strong, independent prognostic marker in oropharyngeal SCC [18] .
Histologically, most HPV-related SCCs of the oropharynx have a non-keratinizing appearance, being composed of ovoid to spindled tumor cells with hyperchromatic nuclei without conspicuous nucleoli and lacking distinct cell borders. The tumor cells grow in large nests and sheets with pushing borders and typically elicit little or no stromal response (desmoplasia) in the surrounding tissue. High mitotic rates, apoptosis, and comedo necrosis are frequently observed [19] [20] [21] . In addition, a subset of the HPVrelated SCC demonstrates ''intermediate'' features with nonkeratinizing areas with partial squamous maturation (nonkeratinizing SCC with maturation or hybrid SCC) [19, 22] . Chernock et al. [19] previously segregated SCC of the oropharynx based solely upon these histologic features (three types: Type 1 keratinizing SCC, Type 2 nonkeratinizing SCC with maturation, and Type 3 nonkeratinizing SCC) and showed that Types 2 and 3 SCC are highly HPVrelated and, by histology alone, have better patient survival than Type 1 SCC [19, 23] .
At the molecular level, HPV-related SCC harbors fewer TP53 mutations, less overall chromosomal mutations, and less chromosomal losses compared to non-HPV-related SCC [2, 8, 24, 25] . Also, HPV-related SCC almost always aberrantly over-expresses the tumor suppressor protein p16 [2, 8, 9, 25] , which is usually inactivated in non-HPVrelated SCC through either genetic or epigenetic mechanisms [26] . p16 over-expression in HPV-related SCC is strongly associated with better response to therapy and favorable clinical outcomes [27] . When compared to HPVspecific testing in oropharyngeal SCC, p16 expression has consistently shown equal or better patient outcome stratification [18] . Therefore, p16 expression is emerging as a reliable surrogate marker for HPV status of oropharyngeal SCC [2, 19] .
In light of the unique biology, pathogenesis, and clinical behavior of HPV-related oropharyngeal SCC, a major focus of current research is to develop specific treatment regimens for these patients. Patients with HPV-related oropharyngeal SCC have very good outcomes whether primary surgical or primary non-surgical treatments are applied, and it is an active debate about which is optimal. Evaluation of HPV status in oropharyngeal SCC, particularly at primary diagnosis, is becoming increasingly important in clinical practice.
While both biopsy and resection specimens have been utilized for p16 IHC in numerous studies and shown to be prognostic, small biopsies are subject to potential sampling issues. In some cases, it is possible that small biopsies might either yield false negative results for p16 expression, or even, potentially, false positives. While studies utilizing only small biopsy specimens and showing p16 IHC as prognostic are the norm in the literature, they cannot address the possibility that some small number of individual cases may have been misclassified for p16 expression. For example, in large studies of p16 IHC in oropharyngeal SCCs, if we made the assumption that a few percent of cases were misclassified for their p16 expression status, the entire study cohort likely would still show p16 IHC to have a statistically significant correlation with patient survival because p16 IHC is such a strong risk stratifier and prognosis predictor in these tumors. Evaluation of whole tumor sections from resections allows one to evaluate much more tumor tissue so, in theory, should better reflect the p16 expression of the tumors. The purpose of this study was to evaluate the effectiveness of p16 IHC staining of small diagnostic biopsies by comparing results with whole tumor resection specimens.
Materials and Methods
This study was approved by the Human Research Protection Office of Washington University. A 270 patient database of oropharyngeal SCC at Barnes-Jewish Hospital was searched for patients who had both an in-house primary tumor biopsy for diagnosis and then a corresponding surgical resection specimen. This subset was relatively small compared to the overall number of surgically-treated patients in the database. This was because most patients had either biopsy on the outside (then diagnosed at Washington University only in consultation) so that no biopsy tissue block was available for us to study, or patients had the diagnosis of SCC based on fine needle aspiration or open surgical biopsy of cervical nodal metastases.
Since biopsy specimens can vary from miniscule to sizeable, the sizes of these specimens were characterized as follows: The number of tissue pieces on each biopsy section was counted. Each piece in the specimen was measured in two dimensions, and the surface area was calculated. The total surface area of all pieces on a tissue section was then calculated by adding the surface area of all pieces together. The percentage of total surface area occupied by tumor on each tissue section was estimated visually for each biopsy as well.
Both histologic typing and p16 IHC had been previously performed on resection specimens as described [23] . Specifically, the histologic typing was as follows: Type 1 keratinizing SCC, Type 2 nonkeratinizing SCC with maturation, and Type 3 nonkeratinizing SCC. Keratinizing (Fig. 2a, b) . They have only modest amounts of eosinophilic cytoplasm. Comedo-type necrosis and brisk mitotic activity are usually present. There is typically no (or minimal) stromal reaction to the invading tumor. In addition, the tumor also has areas of maturing squamous differentiation comprising greater than 10% of the tumor surface area. Nonkeratinizing squamous cell carcinoma (NK SCC or Type 3) consists almost entirely of nonkeratinizing SCC as described above (Fig. 2c, d) . Portions of the tumor can show squamous maturation, but these mature areas must constitute less than 10% of the total surface area. Other rare histologic types such as basaloid, spindle cell, undifferentiated, and adenosquamous carcinoma were present in the larger database and were diagnosed based on their published features. However, none of the 32 specimens in this study were of any of these unique histologic types. p16 IHC was then performed on the diagnostic biopsy specimens using the identical methods as for the resection specimens in prior studies [19, 23] . Briefly, IHC was performed for p16 on representative 4 lm sections cut from formalin-fixed, paraffin-embedded tissue blocks using a monoclonal antibody to p16 (MTM Laboratories; monoclonal; 1:1 dilution) on a Ventana Benchmark LT automated immunostainer (Ventana Medical Systems, Inc., Tucson AZ, USA) according to standard protocols. Detection involved Ventana's ultraView Universal DAB Detection Kit which utilizes a cocktail of enzyme labeled secondary antibodies that locate the bound primary antibody. The complex is then visualized with hydrogen peroxide substrate and a 3, 3 0 -diaminobenzidine tetrahydrochloride (DAB) chromogen. No biotin is involved. Antigen retrieval, standard on the machine, utilized the Ventana CC1, EDTA-Tris, pH 8.0 solution. A known p16 expressing head and neck SCC case was used as the positive control and sections of normal tonsil used for negative controls with each run.
Staining was graded in the same manner on both biopsies and resections. In particular, staining was both nuclear and cytoplasmic (Fig. 3a-d) and was independently evaluated by both study pathologists without knowledge of resection specimen results or clinical information. Cases were graded in a quartile manner for its extent in tumor cells as follows: 0 = negative (no staining in tumor cells); 1? = 1-25% of tumor cells positive; 2? = 26-50%; 3? = 51-75%; 4? = 76-100%. Discrepant results were resolved by consensus review.
In addition to considering staining by quartile (extent), we also divided the results binarily into extensively positive (3? or 4?, i.e. [50% of tumor cells positive) and negative or focally positive (0, 1?, or 2?, i.e. negative or \50% of tumor cells positive) based on general head and neck pathology community practices and also on emerging data that suggests that most oropharyngeal SCC with transcriptionally-active HPV will have extensive p16 expression [28] . Statistical tests were used for categorical data and thus analyzed with contingency tables and Chi-Square analysis utilizing an on-line calculator: http://www.physic.csbsju. edu/stats/.
Results
A total of 32 biopsy cases together with accompanying primary resections were captured and studied. The clinical and pathologic characteristics of the patients are provided in Table 1 . They included 9 (28%) keratinizing SCC (Type 1), 7 (22%) nonkeratinizing SCC with maturation (Type 2), and 16 (50%) nonkeratinizing SCC (Type 3). Most of the patients were male (91%) and smokers (69%), although fewer smokers were present in patients with either Type 3(63%) or Type 2 SCC (43%) compared to Type 1 (100%; P value = 0.06). Over 90% of patients presented at high stage (stage III and above) and 75% of patients had nodal metastases at presentation. Patients with Type 2 and 3 tumors were more likely to present with nodal metastasis (86 and 88%, respectively) than patients with Type 1 tumors (44%). This difference was statistically significant (P value = 0.04).
Size analysis and tumor content of the biopsy specimens are summarized in Table 2 . Biopsy specimens contained 6 pieces of tissue, on average. The average two-dimensional area per tissue piece was 0.06 cm 2 , and the total area of tissue across all pieces in the specimens ranged from 0.07 to 1.07 cm 2 (average 0.34 cm 2 ). On average 52% of total tissue area consisted of tumor so the total area of tumor was, on average, 0.17 cm 2 . p16 IHC results for the diagnostic biopsy specimens are provided in Tables 3 and 4 . Most of the Type 1 biopsies (78%) were negative (p16 score = 0, i.e. no tumor cells showed any staining for p16). Of the two Type 1 biopsies (22%) with some p16 positive IHC staining, one was 1? (1-25% of tumor cells stained positive for p16) and the other was 2? (26-50% of tumor cells stained positive for p16). In contrast, most of the Type 2 biopsies (71%), and all of the Type 3 (100%) biopsies were 4? (greater than 75% of tumor cells positive). For the two Type 2 biopsies that were not p16 diffusely positive, one (14%) was 3? (51-75% tumor cells positive) and the other (14%) was negative. In only two of the 32 (6%) cases did the biopsies and resection specimens differ in staining (no staining versus positive staining), including (1) a biopsy with 1? staining and corresponding negative resection, and conversely (2) a negative biopsy with resection showing 1? staining.
p16 results for the biopsies and corresponding resections were correlated in two ways (Table 4) . When strictly considering the p16 IHC scores, biopsy-resection correlation was present in 28 of the 32 (85%) cases (Table 4 ). This (Table 5 ).
Discussion
HPV-related oropharyngeal SCC is a distinct entity that is associated with good prognosis [14, 17] and caused by infection with high-risk HPV types, predominantly type 16 [4, 5, 29, 30] . HPV status has been shown as an independent prognostic factor for both overall and progression-free survival [17, 18] . Currently, SCC of the oropharynx receives essentially uniform treatment regardless of HPV status. However, targeted therapies and/or modified management tailored to HPV-related SCC are being studied with the goal of reducing the substantial morbidity associated with cancer treatment while maintaining the same excellent patient outcome. In light of this, correct identification and triage of patients with HPV-related SCC at initial workup have become critical in clinical practice. p16 is a tumor suppressor that functions as a cell cycle checkpoint regulator [8] . p16 gene transcription is regulated by retinoblastoma (Rb) protein, the key regulator of cell cycle G1 checkpoint [8] . HPV genome encodes viral oncoprotein E7, which degrades Rb protein, thus leading to the nuclear and cytoplasmic expression of p16. Overexpression of p16 in HPV-related SCC correlates very well with HPV positivity [6] . The utility of p16 in evaluating HPV status of oropharyngeal SCC is well documented and p16 IHC is becoming an accepted single test for evaluating HPV infection status.
Diagnostic biopsies are frequently performed when patients first present with lesions of the oropharynx. Since the size of the diagnostic biopsies is usually small, it has been somewhat unclear whether or not the p16 IHC results of small diagnostic biopsies would be reliably representative of the expression for the entire primary tumor.
Our results show that p16 IHC staining in diagnostic biopsies perfectly reflects whole tumor staining results. In both biopsy and resection specimens, p16 staining is interpreted by simple visual inspection of the percentage of [2, 19] and improved outcome in oropharyngeal SCC [23] . Fortunately, approximately 90-95% of oropharyngeal SCC are either completely negative or extensively positive for p16 [23, 31] . Since tumors with transcriptionally active HPV should have large amounts of p16 expression, many in the head and neck community only consider extensive p16 IHC as correlating with presence of biologically relevant HPV and improved prognosis. Their studies have already considered p16 IHC to be positive when extensively expressed (such as [70% of tumor cells) [32, 33] . However, there is very little data in the literature to actually support this position. A recent study by Schlecht et al. [28] , which compared RT-PCR for high risk HPV E6 and E7 with p16 IHC, obtained results that do support this notion. Preliminary data from another of our studies also shows that most oropharyngeal SCC that have patchy, nondiffuse p16 expression of less than 50% of the tumor cells (which would be classified as 1? or 2? in this study) lack high risk HPV E6 and E7 mRNA by in situ hybridization (data accepted in abstract form but not published).
In summary, our study demonstrates the reliability of p16 IHC on small diagnostic oropharyngeal SCC biopsy specimens in predicting p16 expression status on whole sections of resected tumor. When a binary system with a 50% staining cutoff was used for p16 expression, there were no discrepant cases. As such, this provides further evidence that p16 testing of small biopsy specimens can reliably predict overall tumor status and can be used for treatment decisions in routine clinical practice.
